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Abstract  
For a 4WD-Hybrid Electric Vehicle with front wheels driven by engine and rear wheels driven by in-wheel-motor, 
the engine’s intervention in driving and the engagement of the transmission during shifting will cause the longitudinal 
impact and influence the drive comfort. Attribute to the controllable and quick response of the rear in-wheel-motor’s 
torque, a disturbance rejection H robust controller has been designed to control it and thus to restrain the 
longitudinal jerk. The simulation results indicate that the controller can effectively control the longitudinal impact 
caused by the fluctuation of the front wheels’ torque and meanwhile possessed of nice system parameter robustness. 
© 2011 Published by Elsevier Ltd. 
Selection and/or peer-review under responsibility of [CEIS 2011] 
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1. Introduction 
For a Ground-coupled four-wheel drive hybrid structure with rear wheels driven by in-wheel-motor 
has an advantage over Gearbox coupled parallel hybrid electric vehicle in mixed degree and convenient to 
modify. And in some high end volume produced hybrid vehicle has been applied. 
  As the drive motor has the advantages of torque control and rapid response, for ground-coupled four-
wheel drive hybrid vehicle, is able to reduce the longitudinal impact caused by hybrid vehicle during the 
transmission shifting or the transition condition that from the engine drive to the electric drive through 
rear-wheel drive force control. 
  This paper design a H robust control controller based on a four-wheel drive hybrid electric vehicle 
platform, treat front drive system shift impact as disturbance to the vehicle system, use the rear wheels in-
wheel-motor to achieve vehicle longitudinal impact control in the transition conditions. 
2. Vehicle Parameters and model  
The study object is a self-developed four-wheel drive hybrid vehicle, the vehicle front wheel drives by 
the engine through the automatic transmission (AT), rear wheel is drive by in-wheel-motor; another belt 
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drive start generating integrated motor of 5kW installed on front wheels driven system, in order to 
achieve quick starts and stop of the engine.      
 Tab. 1 Parameters of vehicle and powertrain 
Mass Engine Hub motor Battery Transmission 
1300kg 1.6Lgasoline 
engine,54.8kW 
Brushless DC 
motor,15.6kW,320N.m 
Lithium-ion 
battery,280V,8Ah
AT4-speed torque 
converter 
 For the study of longitudinal dynamics, without considering road grade, it will be simplified to three 
degrees of freedom vehicle system (Figure1).As the transition process within a short time wind resistence, 
rolling resistance can be regarded as constant. The front and rear wheels and the vehicle has the following 
dynamic equation:
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Where: fJ , rJ :front and rear wheel rotational inertia; fω , rω :front and rear wheel rotational 
speed; fT , rT :torques act on the front and rear wheel; xfF , xrF :front and rear wheel longitudinal traction 
forces; R is the tire radius, the same for front and rear wheel; a is longitudinal acceleration of the vehicle. 
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                                                        Fig.1 3-Dgree vehicle longitudinal dynamic model  
During the transition phase, the tire slip ratio is not so large, linearisation in 0λ = [1]  
we have: 
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So a observer can be derived for xrF& and xfF& of changes in front and rear longitudinal traction 
force.
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When the tire slip ratio is not so large, the simplified control model of hub motor as follows[2]: 
                                                    d r r
m m
r LU T T
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= + & (4) 
dU is hub motor control voltage; I is hub motor armature current; r is hub motor armature circuit 
resistance; L is hub motor armature inductance;  mC is electromagnetic torque constant of hub motor. 
3. H Robust controller design 
The system control objective is control the degree of longitudinal impact a	of vehicles through the 
control of in-wheel-motor drive torque. Change the design of this control system into a standard H 
robust control problem (Figure 2) [3] 
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Fig. 2 H Robust control block diagram   
Where: rr
T
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% , rT%is the torque disturbance of rear wheel hub motor; the amplification factor of Control 
input is
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; ρ is the weight coefficient limitation control energy. 
Define state space of generalized controlled object G as: 
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  D11,D21, D22 are zero matrices 
It was said before the system has some aspects of parameter uncertainty, for example the tire-road 
characteristic; tire pressure change; changes in road and the temperature, the longitudinal stiffness will 
change. Meanwhile, previous simplified the derivation of dynamic equation, there are differences 
between actual system parameters and model parameters. In addition, although transition phase is very 
short, there is still a slight change in speed. Therefore it is necessary to consider the control system's 
robust stabilization when the parameters of the system changes. Define the state equation of parameter 
uncertain system:   
( ) ( )= + + + +1 2 2x A ǻA x B w B ǻB u&       (6) 
ǻA and 2ǻB are perturbation of Matrix A and B and Satisfying the following conditions: 
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where: E , aF , bF were known matrix with the appropriate dimensions; ( )tȈ was matrix for the 
unknown function.  
Change to a generalized system 
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For standards control problem which based on state feedback 
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1Δ is Parameter uncertainty factors, the generalized object after 
augmentation : 
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H Performance of γ is a positive constant.  
The tire longitudinal stiffness and the instantaneous speed of the transition process won't change much, 
assume integrated within10%, take degree of disturbance rejection 01.0=γ . Use LMI toolbox in Matlab, 
which provides a hinflmi solver to solve
∞
H control problem based on linear matrix processing. 
4. Simulation of longitudinal Impact control 
     Longitudinal impact of motor vehicles is defined a&as the derivative of the vehicle acceleration, impact 
evaluation function is used to evaluate vehicle longitudinal impact [4]: 
2
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In start condition hybrid vehicle is pure electric drive, after speed reaches the threshold, SSG start the 
engine, then automatic transmission shift to1st gear, the engine power intervene in driving. 
Build a vehicle dynamic simulation model include engine and automatic transmission, the simulation 
results shows in Figure3. Because of engine power intervention, result in the vehicle longitudinal impact. 
Longitudinal impact evaluation function is 010.40 =G .Use the designed robust control to coordinate the 
shift transient process. Since the H∞ coordinated control automatic shift instruction give, stops receiving 
the end signal of automatic transmission shift. 
                                     
   Fig.3Transient process of engine’s participation in driving and after H control 
 Through the initial hydraulic dead zone of clutch, front wheel torque began to rise, meanwhile, under 
the action of the controller the rear wheel hub motor was the opposite change trend with the front wheel 
torque, when clutch reached the synchronization point, sudden drop in the front wheel torque, rear wheels 
hub motor torque is following drop. From the vehicle longitudinal deceleration time history shows, H 
controller inhibits vehicle acceleration changes effectively, the amplitude range of acceleration changes 
much smaller compared with uncoordinated control. After controlling the value of longitudinal impact 
evaluation function 1 2.302G =  
When vehicle switch in low-gears, longitudinal impact is large, often larger than the process of neutral-
1st gear up-shifting, as follows is coordinate control simulation. It can be seen from Figure4, the H 
controller controls the in-wheel-motor when the front wheel torque changes, inhibit the changes in vehicle 
acceleration well, changes in the amplitude range of acceleration are much smaller than uncoordinated 
control situation. The value of longitudinal impact evaluation function after controlling 1 6.350G = , it's 
greatly improved compared the value of evaluation function 0 12.529G = with uncoordinated control. 
After system parameters changed, rBincreased by 10% over the original. Control results compared the 
parameters without change shows in Figure 5. When parameters changes,  with the original there are 
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some differences in hub motor control torque and vehicle longitudinal acceleration. But the closed-loop 
control system still has good stability. Fluctuation range of acceleration is still under control, a good 
control effect is obtained. 
      
                      Fig.4 Transient process of 1st-2nd gear up-shifting and after H control 
                                    
                       Fig.5 H control result comparison of pre-and post- parameter variation 
5. Conclusion 
This paper proposes a method that making use of the rear motor to achieve vehicle longitudinal impact 
control, simulation results show:  
1.The designed H robust controller can effectively control the longitudinal impact caused by engine’s 
intervention in driving and the engagement of the transmission shifting, driving comfort is improved. 
2. The controller possesses of nice system parameter robustness. The control method deals with front 
impact as the system disturbance, so have some general significance; currently this control method could 
used on common 4WD-Hybrid Electric Vehicle with front wheels driven by engine+ISG+AMT and rear 
wheels driven by in-wheel-motor or equipped with other forms of hybrid power systems. 
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